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EVAPORATION FROM FREE WATER SURFACES.  
BY ARTHUR G. SMITH. 
The very extensive work being done by the United States Reclamation Service 
in the storing and preserving of  the waters of  the arid and sub-arid regions 
of this country, has brought prominently before irrigation engineers the ques­
tion of the amount of evaporation taking place at different places and under 
various external conditions. 
Taking for example the annual evaporation from a reservoir in Arizona, as 
amounting to six feet, and supposing the amount of water needed for satisfac­
tory irrigation as two feet then we see that in a reservoir like the Roosevelt 
reservoir with a surface of 16 ,000 acres area, it means that the efficiency of the 
reservoir is reduced by nearly 50,000 acres.  A loss that is very considerable in 
comparison with the total capacity of the reservoir .  
If  we suppose the value of the irrigation to an acre of ground to be say five 
dollars a year, then this evaporation means a loss of  a quarter of a m illion 
dollars a year to the arid region surrounding this particular reservoir. 
While the amount of evaporation from the water surface is a matter of both 
scientific and economic importance in the arid west, it is also of considerable 
interest in the humid regions of the middle west. 
During the summer of  1906 through the kindness of  Mr. A.  H. Horton, 
United States Hydrographic Engineer, an evaporation gaging station was estab­
l ished at Iowa C ity, the reader having charge of the work. 
It  is a well known fact that the evaporation consists of two steps ; first the 
liquid must be changed to the vapor state forming a film as it were upon the 
w ater surface and then this film must be removed by the atmospheric move­
ments in order that another dryer layer of  air may take the place of this 
saturated film and take up the succeeding evaporation. The amount of evapora­
tion will of course depend upon vapor pressure and this will depend upon 
temperature. The removal of the film of saturated air and its mixture with 
the upper layers of  the air, depends very largely upon the wind. If we think 
of the wind as advancing across a considerable body of water and thus becom­
ing more or  Jess saturated with water vapor, the removal of  the film will be­
come less and less effective. It may then be expected that the average evapora­
tion will not be so great from a large body of  water '3.S from a smaller area 
for the unit area. During the midsummer months the water surface is cooler 
than the air above and the tendency is for the cooled air in contact with the 
water surface to  hang upon the surface sinking rather than rising unless the 
wind is sufficient to remove it. Later in the year, say from the middle of 
August on the water surface except in the middle of the day is w armer than 
the air above and the air warmed by contact with the water not only takes 
up the water vapor but then rises from its expansion and gives place to dryer 
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air ; thus the amount of evaporation is increased especially during the night 
time. 
In order to measure the evaporation from the surface of streams and lakes, 
pans are floated in them and the evaporation from these pans is  measured. In 
order that comparisons might be made upon the relative rates of evaporation 
from pans similar in every respect except that one is surrounded by land and 
the other by water, two pans were installed. 
One was floated upon the river and the other imbedded in the ground upon 
the bank of the river ; the pans were three feet square and eighteen inches 
deep, filled with water to within about one and one-half inches of the top. A 
sharp point set in the middle of the
· 
pan is just kept covered ; the amount of 
evaporation being measured by the number of cups of water required at time 
of observation to just cover this point. 
By using a rain-gage to allow for rainfall it is possible to measure with 
accuracy to the one-hundredth of an inch the amount of evaporation. 
The surfaces of the water in the pans were adju sted morning and evening at 
8 A. M. and 6 P. M. ; the temperature of the water being taken both in the pan 
and in the river outisde. By means of a sling psychrometer the relative humid­
ity was determined at seven o'clock both m orning and evening. An estimate 
was also made of the maximum velocity of the wind in the course of the 
twenty-four hours. 
The amount of data collected, to the present time, is not sufficient to war­
rant more than the noting of certain facts ; one can hardly say conclusions, for 
conclusions resting on insufficient statistical evidence becomes nothing but 
weighted guesses. To note briefly some of the results obtained : The total 
amount of evaporation, from the river pan during the summer of 1906,  was in 
excess of that from the land pan in the ratio of 100 to 9 0 ; during the six 
months from April 1st to October 3 1st, 1907 ,  while reading were made, the 
evaporation from the land pan exceeded that from the river in the ratio of 
100 to 9 2 ,  and the month of April, 1908 ,  just past, has shown an evaporation 
from the land pan one-fourth greater than from the river p an.  While at first 
thought it might be expected that the evaporation from the land pan would be 
the greater, it  should be borne in mind that the river pan, especially in the late 
summer and fall ,  has a temperature markedly above that of the land, and for 
this reason the rate tends to rise higher for the river pan at this time of the 
year. It  is  the reader's opinion that on the whole the evaporation from the 
river pan will be found to be above that from the l and pan. This is of course 
for a pan upon a stream as small as the Iowa river. 
The following table gives the evaporation from the two p ans for the six 
months of 1907 ,  named above and also April, 1908 .  
1907 
April 
May 
.June 
.July 
August . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
September . . . . . . . . . . . . • . . • . . . . . . . . . . . .  
October . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 9 0 8  
April . . . . . . . • . . . . . . . . . . . . . . . . . . . • . • . . .  
L a n d  p a n  
I nches 
2 . 9 5  
3 . 3 8  
3 . 0 3  
4 . 9 3  
4 . 7 3  
3 . 0 3  
1 . 8 3  
3 . 0 5  
River pan 
I n c h e s  
2 . 1 4  
3 . 1 8  
2 . 6 0  
4 . 7 5  
4 . 3 4  
2 . 9 8  
1 . 9 1  
2 . 4 0  
Relative amounts for 
night o r  day 
L a n d  River 
5 7 % 5 6% 
6 1  8 0  
6 6  7 4  
6 6  6 8  
9 0 8 6  
7 1  7 5  
5 1  7 1  
• 
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The follo wing table gives the amount o f  precipitation for the corresponding 
months of the year at Iowa City. 
April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 2  inches 
May . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 3  inches 
June . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .0 inches 
July . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 inches 
August . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 inches 
September . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 inches 
October . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.4 inches 
It will  be seen at once that even in a humid climate like this, that the total 
evaporation from exposed water surfaces is  quite comparable with the totat 
precipitation, possibly as great. 
The relative evaporation during the night to that of the day is perhaps 
larger than might be expected.  This is  as has already been spoken of, due in 
part to the higher temperature of the water during the night than of the air 
in contact with it. This higher temperature is much more m arked for the 
river than the land pan. 
The values found for the relative humidity at seven o'clock in the morning 
and evening are as follows : 
Relative humidity 
1 9 0 7  7 A. M . 7 P. M. 
April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 6 %  8 1 %  
May . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 7  7 9 
June . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 8  8 2  
July . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 2  8 �  
August . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n 8 4  
September . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  !1 2 8 7  
October . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 4 8 3  
1 9 0 8  
April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S !J 7 9  
The temperature o f  the water in each o f  the pans and o f  the river surface 
is  of considerable value, giving some clue to the causes of the fluctuations in 
the amount of evaporation. The river temperature is also of interest as it 
shows the march in temperature during the summer months, in the water 
flowing in such a stream. The following table shows these various tempera­
tures as well as the average temperature of the air as taken from the mean of 
the readings made at 7 A. M. and 7 P. M. It  should be noted that this m ean 
is some five degrees lower than the mean as computed from maxima and minima 
readings . 
1907 
April - - - - - - - ------
May - - - - - - - - - - - - - -
June - - - - - - - -- -- --
July - - - -- -- - - ---- ­
August - - - - - - - - - - -
September _ _ _ _ _  _ 
October - -- -- - - - - -
Land-pan 
8 A . M .  6 P . M .  
43. 0  
5 1 . 6  
m . 1  
74 . 3 
72 . 0  
6 1 . 0  
5(). ()  
50 .0 
61 . 8  
73 .0  
81. 0  
78. 5  
68 . 5  
55 . 5  
River-pan 
8 A. M .  6 P .  M .  
46. 3  
57 . 2  
69 . 0  
76 . 5  
74 . 3  
68. 2  
52 . 7  
48 . 5  
59 . 7  
71 . 4  
78 .8  
76 . 5  
69 . 'l 
55 . 5  
R i ver Surface 
8 A. M .  b P .  M .  
47. 3 
57. 9  
69. 0  
77 . 3  
75 . 1  
69 . 1  
53 . 5  
48 . 2  
59. 7  
71 . 8  
78. 8  
77 . 0  
70.0 
55 . 7  
M e a n  
Tem p .  
40. 1  
54 .4.  
65. 0  
72 . 0  
6.J. 0 
61 .0 
47. 0 
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A number of theoretical formulre have been proposed for the computation of 
evaporation from freely exposed water surfaces the general form of which is 
the simple one given by Dalton 
E = A  ( a-b ) ( 1  + ck ) 
where the arguments A,c,K are the temperature of the water surface, the dew 
point of the atmosphere and the movement of the wind, a and b being the dry 
and wet bulbs. Carpenter from Ft. Collins jn 1887 proposed the following, which 
is of this form : 
E,inch 7 day = 0 .3868  ( e w -e n ) ( 1 + 0.0025w ) , 
where w is the wind movement per day in kilometers. The constants suggested 
here apply satisfactorily only to local · conditions and are not general . 
The author hopes in another year to offer a formula that shall be satisfac­
tory for the Iowa river conditions but is not prepared to do so at the present 
time. 
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